ABSTRACT: Phylogenetic analysis of five rickettsial genes (17-kDa gene, gltA, ompB, ompA, and sca4) from two molecular isolates of Candidatus Rickettsia andeanae from two ticks (Amblyomma maculatum and Ixodes boliviensis) collected from two domestic horses living in two separate locations in northern Peru (Coletas and Naranjo) was conducted to more clearly characterize this recently reported novel spotted fever group (SFG) rickettsia. Following nested polymerase chain reaction (PCR) amplification of the17-kDa gene, gltA, ompB, ompA, and sca4, amplicons were purified, sequenced, and compared to those downloaded from GenBank. Phylogenetic analyses of the Candidatus Rickettsia andeanae sequences generated from17-kDa gene (483 bp), gltA (1185 bp), ompA (1598 bp), ompB (4839 bp), and sca4 (2634 bp) demonstrated that they aligned strongly with those of SFG rickettsiae. Moreover, the sequences of these five genes most closely aligned with the following rickettsiae: ompA: Rickettsia sp RpA4 (98.03%), R. sp DnS28 (97.90%), and R. rhipicephali and R. massiliae (97.11%); ompB: R. aeschlimannii (97.22%), R. rhipicephali (97.20%), and R. sp Bar 29 (97.10%); and sca4: R. massiliae (97.8%), R. rhipicephali, and R. slovaca (97.7%). These results from the additional phylogenetic analyses of Candidatus Rickettsia andeanae confirm its inclusion within, and distance and uniqueness from, other known SFG rickettsiae. Public reporting burden for the collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information, including suggestions for reducing this burden, to Washington Headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson Davis Highway, Suite 1204, Arlington VA 22202-4302. Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to a penalty for failing to comply with a collection of information if it does not display a currently valid OMB control number.
During the investigation nucleic acid preparations extracted from blood samples obtained from febrile humans and peri-domestic rodents, and from fleas and ticks from individual domestic and wildtrapped animals, were determined by PCR as specific for four rickettsial genes, including: the Rickettsia genus-specific17-kDa outer membrane antigen gene (17-kDa gene), the citrate synthase gene (gltA), and the outer membrane protein A (ompA) and B (ompB) genes to contain evidence for the presence of SFG rickettsiae. 2 Initially, all samples were tested for presence of the 17-kDa gene, and if detected determination of whether the amplicon was from a typhus or spotted fever group rickettsia was made. Prevalence as determined from these tests demonstrated that 24% of febrile humans (4/17), 8.3% of trapped rodents (2/24), 1.6% of flea pools (1/59), and 25% of ticks (4/16) were positive for SFG agents. Further analysis of the molecular isolates utilizing PCR specific for the gltA, ompA, and ompB genes and sequencing the subsequent amplicons determined the phylogenetic relationships of the molecular isolates. In addition to detecting R. felis in flea triturates, we identified a new SFG family member molecularly isolated from two tick samples (tick 124 and tick 163). 2 Due to the more than 3% difference in sequence identity between a 2,484 bp sequence segment of ompB from the novel agent and those SFG rickettsiae sequences listed in GenBank, it was proposed that the new agent be named Rickettsia andeanae. Herein, we describe further the characterization of Candidatus Rickettsia andeanae based upon phylogenetic analysis of five rickettsial genes. Four of the genes have been previously assessed (17-kDa gene 434 bp; gltA 381 bp; ompA 540 bp; and ompB 2,484 bp) 2 however, for this project larger amplicons from 17-kDa gene (483 bp), gltA (1185 bp) ompA (1,589 bp), and ompB (4,839 bp), and 2,634 bp of sca4 (120 kDa cytoplasmic protein gene; geneD) were analyzed and the results described in this report confirmed Candidatus Rickettsia andeanae inclusion within, and distance and uniqueness from other known SFG rickettsiae.
MATERIALS AND METHODS
Two molecular isolates of Candidatus Rickettsia andeanae from two ticks (Amblyomma maculatum and Ixodes boliviensis) collected from domestic horses living in two separate locations in Northern Peru (Coletas and Naranjo) 2 were evaluated by multilocus sequence typing to determine their relationship to other rickettsiae. Following amplification by standard polymerase chain reaction (PCR) of the 17-kDa gene and nested PCR amplification of ompB, ompA, and sca4, nucleic acid-derived from the two isolates, amplicons were purified and sequenced on an automated ABI Prism 3100 gene analyzer (Applied Biosystems, Foster City, CA) similar to that described previously. 2 However, new primers were used for PCR and sequencing in this study (TABLE 1) . The sequences (both forward and reverse) were assembled with 
RESULTS

17-kDa Gene and gltA
Comparing sequences of the Candidatus Rickettsia andeanae 17-kDa gene and gltA fragments with GenBank sequences indicate that Candidatus Rickettsia andeanae belongs within the genus Rickettsia by showing that the 483 bp 17-kDa gene segment had > 97.5% identity with five SFG rickettsiae, but with no more then 98.5% identity with any rickettsial agent (TABLE 2) . Similarly, the 1,185 bp gltA sequence fragment of Candidatus Rickettsia andeanne had 99.00-99.42% identity to ten SFG rickettsiae, but no identity with any rickettsial agent > 99.42% (TABLE 2) . Thus, the sequencing data from the17-kDa gene and gltA segments indicate that Candidatus Rickettsia andeanae is a rickettsial agent but not identical with any agent currently listed within GenBank.
ompA Due to presence of ompA among SFG rickettsiae, and the lack of a complete ompA among TG rickettsiae, R. bellii and R. canadensis, the production of a PCR amplicon utilizing ompA specific primers corroborates the gltA data that suggests that Candidatus Rickettsia andeanae is closely related to SFG rickettsiae. In addition, phylogenetic analysis of a 1598 bp segment of ompA indicates that Candidatus Rickettsia andeanae has 98.03% identity with its closest neighbor, Rickettsia sp. RpA4, within the SFG (TABLE 2) . ompB Initial data from the phylogenetic analysis of ompB sequence (2,484 bp) from Candidatus Rickettsia andeanae showed that it was ≥3% divergent from other SFG rickettsiae. 2 In this investigation an ompB fragment almost twice as large (4,839 bp) was sequenced and evaluated for its relationship to other rickettsial (and non-rickettsial) sequences. It was determined that the larger segment also showed an approximately 3% divergence from the ompB sequences of the closest relations, which were determined to be SFG rickettsiae (TABLE 2) . The most closely related rickettsiae based upon comparison of the 4,839 bp fragment of ompB were R. aeschlimannii (97.22% identity), R. rhipicephali (97.20% identity), and R. sp. Bar 29 (97.10% identity). The Candidatus Rickettsia andeanae ompB sequence showed only 87.7 and 87.3% identity with R. prowazekii and R. typhi, respectively. sca4 Sequence comparisons of part or all of sca4 have recently been described as a tool for rickettsial phylogenetic analysis because the presence of the gene among the various species of Rickettsia and due to its moderate sequence variability among the Rickettsia. 3 Blast search with the 2,634 bp sca4 segment sequence from Candidatus Rickettsia andeanae, showed that it was most closely related to SFG rickettsiae R. massiliae (97.8%), R. rhipicephali and R. slovaca (97.7%). Similar to the sequence comparison data discerned with ompA and ompB, Candidatus Rickettsia andeanae sca4 sequence shows a close relationship to SFG rickettsiae, but is divergent enough to be considered a unique rickettsial species (TABLE 2) .
DISCUSSION
Multilocus sequence typing (MLST) for the characterization of pathogenic and non-pathogenic microorganisms utilizes the sequences from several gene segments to characterize the genetic makeup of an isolate. 4 The sequences are compared to those already obtained for similar and dissimilar organisms. From the comparison a determination is made as to the relationship between the new isolate and known iso-lates. This is very helpful in ascertaining the identity of an isolate(s) during an outbreak investigation, historical classification, or taxonomic relationships and has been used to characterize rickettsial agents. 3, 5 In this investigation PCR amplified segments from five well known genes were used to validate the divergence of the novel isolate, Candidatus Rickettsia andeanae, from those rickettsiae previously characterized utilizing the criteria proposed by Fournier and colleagues. 3 The results presented herein confirm our earlier report 2 by extending the sequences assessed for four genes (17 kDa gene, gltA, ompA, ompB) and newly assessing the sequence of sca4. Collectively these results show the uniqueness of Candidatus Rickettsia andeanae, a novel agent that has been molecularly isolated from two different ticks collected from two different horses from two locations in northern Peru. However, an isolate has not been cultured in the laboratory and therefore the pathogenicity of this agent has not been ascertained. Collaborators in Peru are actively pursuing a course for cultivating this agent in their laboratory.
